HOSHIYAMA, Y., SEKINE, T. and SASABA, T. A Case-Control Study of Colorectal Cancer and Its Relation to Diet, Cigarettes, and Alcohol Consumption in Saitama Prefecture, Japan. Tohoku J. Exp. Med., 1993, 171(2), 153-165 A case-control study of colorectal cancer in relation to dietary, smoking, and drinking habits was undertaken in Saitama Prefecture, Japan. The study was based on 181 newly diagnosed cases of adenocarcinoma of the colorectum at a single institution and 653 general population controls. Dietary habits were investigated on the basis of the intake of 12 foods and 12 food groups in a food intake frequency questionnaire, together with individual food preferences. Preference for salty foods was positively related to the risk of both colon and rectal cancer, and the consumption of seaweed was inversely related to these cancers, both with a dose-response relation. Cigarette smoking was inversely related to colon cancer risk, but not to rectal cancer risk. Alcohol intake tended to be associated inversely with colon cancer, but not with rectal cancer. In the multiple logistic regression, preference for salty foods (positively) and the consumption of seaweed (inversely) were independently related to both colon and rectal cancer risks,
shown by others (Higginson 1966; Manousos et al. 1983 ; Tajima and Tominaga 1985; Kono et al. 1986 ; Adami et al. 1992 ). Recent publications have suggested that beer drinking may increase the risk of rectal cancer (Kabat et al. 1986 ; Kune et al. 1987 ; Riboli et al. 1991) , although others found no increase (Manousos et al. 1983 ; Pickle et al. 1984; Potter and McMichael 1986; Tuyns et al. 1988) . As for an association between cigarette smoking and colorectal cancer, there is little epidemiological evidence.
This study reports the relationship between dietary, smoking, and drinking habits and the risk of cancers of the colon and rectum, using data from a case-control study conducted in Saitama Prefecture, Japan.
MATERIALS AND METHODS
Cases were drawn from the Saitama Cancer Center Hospital, with population controls taken from seven provincial cities and two towns in the vicinity of the Hospital. A total of 79 colon cancer cases, 102 rectal cancer cases, and 653 general population controls aged 40-69 years were included in the analysis (Table 1) .
Cases
Inpatients who were admitted to the Saitama Cancer Center Hospital between August 1984 and July 1990 were surveyed for lifestyle. A total of 5,075 inpatients were interviewed by the authors and two colleagues before diagnostic procedures. Of these, the histological examination revealed 111 and 147 inpatients who were newly diagnosed with adenocarcinoma of the colon and rectum, respectively.
Controls
Population controls were recruited through letters sent to 4,052 residents in seven provincial cities and two towns in the vicinity of the Hospital randomly selected from the electoral roll stratified by age class and sex, requesting participation in the lifestyle survey. Of the 4,052, a total of 1,113 (27.5%) agreed to participate. Of the remaining 2,939 individuals, 1,959 did not respond, 937 refused, and 43 were not found. No follow-up letters were sent. Interviews were conducted at their homes between July 1986 and December 1990 by the same staff members who interviewed the inpatients.
Subjects for analysis
Of the 258 patients, we excluded 22 who had not lived in Saitama Prefecture for 10 or more years and/or who were on a long-term special diet for medical reasons, and an additional 55 patients aged less than 40 or more than 69, leaving a total of 181 cases for analysis (Table 1) . A hundred and fifty potential controls were also excluded for the same reasons, and an additional 310 aged less than 40 or more than 69 also were excluded, leaving a total of 653 controls for analysis (Table 1) .
Lifestyle questionnaire
Interviews of inpatients were conducted prior to diagnostic procedures, requesting the past `usual' diet information during the period before onset of symptoms that led to the current hospital admission. The general population controls also were requested to provide the current `usual' diet information. Since, in epidemiological studies, the important factor is to divide individuals into a pattern rather than determine absolute intakes, it is a reasonable assumption that the past or current usual intake is representative of a person's long term food habits (Jamn et al. 1980) .
Questions on dietary habits included the frequency of consumption of 12 food items (rice, miso soup, green tea, coffee, black tea, broiled fish, boiled fish, broiled meat, pickled vegetables, nuts, smoked food/bacon/ham, and seaweed) and 12 food groups (bread, noodles, potatoes, soybean products (except miso soup), fruit, green-yellow vegetables, white vegetables, raw vegetables, fish/shellfish (all types), meat, eggs and dairy products). Six frequency categories were determined for consumption of most dietary products. We also asked about the individual's preference for salty foods, sweet foods, spicy foods, and hot non-alcoholic beverages (including tea, coffee, and miso soup).
Information on smoking and alcohol drinking was requested in order to calculate the total numbers of cigarettes and the amount of ethanol consumed over the subject's lifetime.
Data processing
The frequency of consumption of each food item was divided into three levels in order to include as far as possible the same proportion of the total group in each level. Unconditional logistic regression analysis was used for the comparison between cases and general population controls (Breslow and Day 1980) .
The relative risk (RR) and its 95% confidence interval (CI) were calculated on the basis of the regression coefficient and its standard error for an indicator term corresponding to a level of an independent variable. Trend of association was assessed by a logistic regression model assigning scores to the levels of the independent variable. Statistical significance (two-sided) was based on the ratio of the regression coefficient to its standard error. The statistical analysis (the procedure of LOGIST) was performed by the Statistical Analysis System (SAS Institute 1983).
The findings were comparable for both sexes. Therefore the data are presented with the two sexes combined.
RESULTS
RRs of colon cancer for cigarette smoking were less than unity with a dose-response effect of the number of cigarettes in a lifetime (Table 2 ). In contrast, rectal cancer was not significantly related to smoking. Alcohol intake tended to be inversely associated with colon cancer (Table 3) . RR of daily drinkers with <50 ml/day (or > =50 ml/day) to those who never drank was 0.3 with significance, but there was no significant dose-response effect of alcohol consumption. Almost all RRs of rectal cancer were less than unity, but with no significance.
As for the association between diet and the risk of colon cancer, six food items showed a statistically significant trend ( Table 4 , and variables for the six food items which had a statistically significant trend in Table   TABLE 2 .
Relative risksa (RR) and 95% confidence intervals (CI) for the relationship between colorectal cancer and cigarette smoking 5 were simultaneously included in a multiple logistic regression model. As shown in Table 6 , preference for salty foods and the consumption of seaweed were independently related to both colon and rectal cancer risks. The consumption of green-yellow vegetables was independently related only to colon cancer risk, and the consumption of boiled fish, pickled vegetables, and nuts were independently related only to rectal cancer risk. The inverse relation of cigarette smoking (Table 2 ) and alcohol intake (Table 3) to colon cancer risk remained after adjustment for dietary factors. In the model used for Table 6 , RRs from cigarette smoking using never-smokers as a baseline were 0.3 (95% CI =0.1 to 0.8) for current smokers consuming 1-29 and 0.2 (95% CI =0.0 to 0.9) for those consuming 30 or more cigarettes per day. RRs form alcohol intake using never-drinkers as a baseline were 0.3 (95% CI = 0.1 to 0.9) for daily drinkers consuming <50 ml/ day and > =50 ml/day, respectively. 
DISCUSSION
One possible problem of the present study lies in the selection bias in the recruitment of general population controls because less than 30% of control candidates participated in this study. We cannot fully evaluate the degree of deviation of the general population controls as to risk factors of colorectal cancer. Nevertheless it should be mentioned that smoking status of our general population controls did not differ from that of general population in Japan; there was no significant difference (p =0.62 in males and p =0.50 in females: tested by root chi square method (Everitt 1977 ) for contingency tables stratified by age and sex) in the percentage of current smokers between general population in Japan (about 59% in males and 12% in females among whole ages, in the period from 1986 to 1990) (Mainichi Newspaper 1990) and our general population controls (about 49% and 9%, respectively). The same discussion have been reported in our previous paper (Hoshiyama and Sasaba 1992) . Another possible problem of the present study is that about 39% of the cases did not come from the seven provincial cities and two towns in the vicinity of the Hospital. To reform the situation, the subjects for analysis were restricted to those who lived in Saitama Prefecture for 10 or more years. Since they were thought to have resemblance in their lifestyles among each other, we believe that this measure was reasonable.
A slight negative correlation between cigarette smoking and cancer of the colon and rectum was reported by Higginson (1966) . We also found that cigarette smoking was negatively associated with the risk of colon cancer with a dose-response effect (Table 2 ). This inverse relation remained after adjustment for dietary factors. As a possible mechanism, cigarette smoking may stimulate peristalsis of the colon, which decreases fecal transit time, since the effects of nicotine finally result in increased tone and motor activity of the bowel (Taylor 1985) .
In the present study, there was no increased risk of either colon cancer or rectal cancer associated with heavier alcohol drinking. One study showed that the total alcohol use, but not any specific beverage type, was associated with increased risk of rectal cancer (Klatsky et al. 1988 ). Several case-control studies suggested a specific association between consumption of beer and increased risk of cancer of the rectum (Tajima and Tominaga 1985; Kabat et al. 1986 ; Kate et al. 1990; Adami et al. 1992) . A cohort study found a striking association between beer drinking and not rectal but sigmoid colon cancer risk (Hirayama 1989) . These findings coincide with a possible mechanism for a specific carcinogenic effect of beer which is the presence in beer of nitrosamines (Doff and Fine 1979; Spiegelhalder et al. 1979) . But, this and other studies failed to show the specific association between consumption of beer and increased risk of cancer of the rectum (Manousos et al. 1983; Tajima and Tominaga 1985; Kabat et al. 1986; Adami et al. 1992) . Further, the consumption of spirits was associated with a low risk for male rectal cancer risk, as reported by Kune et al. (1987) . Although alcohol drinking is known to be causally related to cancer of the upper digestive tract (IARC 1988) , it is uncertain whether alcohol or specific alcoholic beverages are related to cancer of the colon and rectum.
A decreased risk of colorectal cancer by high dietary fibers or other components associated with a diet high in vegetables has often been found in previous studies. Experimental and clinical metabolic studies have shown that potential carcinogens in the intestinal contents can be diluted, bound, and more rapidly eliminated in the presence of a diet rich in fiber (Reddy 1987) . Our analyses showed a highly significant trend for the inverse relation between seaweed intake and cancers of the colon and rectum. The most common seaweeds in Japan are yakinori and wakame, which contain much fiber (Kagawa Nutrition College 1989). Also, the larger proportion of the fiber in Japanese diets comes from vegetables. The present study shows that the consumption of green-yellow vegetables and raw vegetables is related to a decreased risk of colon cancer. They are also a major source of vitamins A and C. On the other hand, an inverse relation with fruit was not observed in our study and several others (Benito et al. 1990; Trock et al. 1990 ; Bidoli et al. 1992 ). These findings suggest that vitamin C or betacarotene is, if at all, weakly linked with the decreased risk of colorectal cancer in contrast to fibers.
Coffee drinking was positively associated with risk of colon cancer among Seventh-Day Adventists (Snowdon and Phillips 1984) . However, recently, a clear inverse association between coffee consumption and colon cancer risk was found by Jacobsen et al. (1986) among individuals under 65 years of age at the start of a follow-up. The inverse association was previously observed in one case-control study (Abu-Zeid et al. 1981 ). In the present study, a clear inverse association between coffee consumption and colon cancer risk was observed before adjustment for other factors, but the dose-response relationship was rather unclear (p =0.06) after adjustment. In general, coffee consumption among Japanese people is considerably lower than that in the western countries. Our finding is weak evidence for the hypothesis that coffee consumption reduces the risk of colon cancer.
Previous studies conducted in Japan showed that the consumption of traditional Japanese foods such as miso soup, pickled vegetables or salty foods, was positively related to the risk of colorectal cancer (Haenszel et al. 1980; Tajima and Tominaga 1985) . The present study also shows that preference for salty foods is significantly independently related to the risk of both colon and rectal cancer (Table 6 ). Dietary salt may have an enhancing effect on colorectal cancer. However, since it is difficult to estimate an individual's total salt intake, its role in colorectal cancer should be further investigated by a refined questionnaire and methods. Also, much remains to be studied about other factors such as meat, boiled fish, nuts, and soybean products, because the RRs and trend p values in Table 6 had no significance or were not consistent in their significance.
